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KNI-124-A-1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Attorney Docket No.: KNI-124-A-1 
Anticipated Classification 

of This Application: Class 264 

Prior Application Examiner: K Aftergut, Group Art Unit 1 732 

Box Patent Applications 

Assistant Commissioner for Patents 

Washington D.C. 20231 

Sir: 

This is a request for filing a divisional application under 37 CFR 
51.53(b), of pending prior application Serial No. 09/032,284, filed on February 
26, 1998 under 35 USC §371 as the US National Phase of International 
Application PCT/JP96/02368 of Akio MATSUMOTO, Takeshi SATO, 
Yoshifumi MISUMI, Akira HIRAYAMA, Katsuhiro HASEBE, and Yoshinori 
YAMASHITA, for "METHOD OF SLIP CASTING POWDERY MATERIAL, MOLD 
FOR USE IN SLIP CASTING METHOD, AND METHOD OF MANUFACTURING 
OPEN POROUS BODY FOR USE IN MOLD." International Application 
PCT/JP96/02368 claims priority of Japanese Patent Applications No. 7- 
254418 filed August 26, 1995 and No. 7-285445 filed September 26, 1995. 

Please amend the application by inserting before the first line on page 1 
the sentence -This is a divisional application of prior pending application USSN 
09/032,284 which has a 35USC § 371 (c) and 102 (e) date of February 26, 
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1998 , and was the U.S. National Phase of International Application 
PCT/JP96/02368 filed August 26, 1996. ~. 

Please amend the title to Mold for Use in Slip Casting Method, and 
Method of Manufacturing Open Porous Body for Use in Mold-. 

Incorporation by Reference. The entire disclosure of the prior 
application, from which a copy of the oath or declaration is supplied herewith, 
is considered as being part of the disclosure of the accompanying application 
and is hereby incorporated by reference therein. 

The subject matter contained in the specification, claims, abstract, and 
drawings filed herewith is the same as the subject matter contained in the 
corresponding portions filed in the prior application although minor editorial 
changes are made in the documents filed herewith to overcome minor 
informalities contained in the prior application. Enclosed is a verification 
statement of no new matter. Also enclosed are copies of the following 
documents which were originally filed in the parent application 09/032,284: a 
Declaration and power of attorney; a Notice of Assignment Recordal for an 
Assignment, and the Assignment which was recorded in the parent 
application; a Change of Address and Appointment of Attorneys, dated May 
18, 1998; a Transmittal Letter To the United States Designated/Elected Office 
Concerning a Filing Under 35 USC §371; the first page of WO 96/29099; a 
copy of an English language translation of the International Search Report for 
PCT/JP96/02368; and copies of Information Disclosure Statements under 



MPEP §609(excluding references) dated May 18, 1998, September 1, 1998 

and October 12, 1998. 

The filing fee is calculated below, based on claims remaining in the 

present application; 

Basic fee: $690.00 

Total Claims in excess of 20 (5x $1 8.00): $ 90.00 

Independent Claims in excess of 3 (x $78.00): $ 0.00 

Multiple Dependent Claim Surcharge: $ 0.00 

TOTAL FILING FEE: $780.00 

Enclosed herewith is a check in the amount of $780.00 in payment of 
the filing fee. The Commissioner is hereby authorized to charge any deficiency 
which may be required during the entire pendency of the application, and to 
credit any excess paid during the entire pendency of the application, to Deposit 
Account 50-0744 in the name of Carrier Blackman & Assoc., PC. A duplicate 
copy of this sheet is enclosed. 

The prior application is assigned of record to TOTO LTD. 
Please address all future communications to: 

Carrier, Blackman & Associates, P.C. 
24101 Novi Road, Suite 100 
Novi, Michigan 48375 
(248) 344-4422. 



Please address all telephone calls to Joseph P. Carrier, Reg. No. 31,748. 

The undersigned declares further that all statements made herein of his 
own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under §1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issuing thereon. 

Favorable consideration is respectfully requested. 



Respectfully submitted, 



Customer Number 21 828 
Carrier, Blackman & Associates, P.C. 
24101 Novi Road, Suite 100 
Novi, Michigan 48375 
July 07, 2000 




(Joseph P. Carrier 
Attorney for Applicant 
Registration No. 31,748 
(248) 344-4422 



CERTIFICATE OF MAILING 



I hereby certify that this correspondence is being deposited with the US Postal Service as first 
class mail in an envelope addressed to Box Patent Applications, Assistant Compoissioner for 
Patents, Washington, DC 20231 on July 07, 2000. 

Dated: July 07, 2000 
JPC/sw/dp 




Joseph P. Carrier 
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claims, but no new matter has been added to the present application. 

The undersigned declares further that all statements made herein of his 
own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under §1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issuing thereon. 



Favorable consideration is respectfully requested. 

Respectfully submitted, 





Customer Number 21828 /^t^ — 

Carrier, Blackman & Associates, P.C. Uoseph P. Carrier 

241 01 Novi Road, Suite 1 00 V_^Attorney for Applicant 

Novi, Michigan 48375 Registration No. 31 ,748 

July 07, 2000 (248) 344-4422 

JPC/sw/dp 



CERTIFICATE OF MAILING 



I hereby certify that this correspondence is being deposited with the US Postal Service 
as first class mail in an envelope addressed to Box Patent Applications, Assistant 
Commissioner for Patents, Washington, DC 20231 on July 07, 2000. 



Dated: July 07, 2000 
JPC/sw/dp 




KNI-A24-A-1 



METHOD OF SLIP CASTING POWDERY MATERIAL, MOLD FOR USE IN SLIP 
CASTING, AND METHOD OF MANUFACTURING OPEN POROUS BODY 

THEREOF 



- 1 - 



SPECIFICATION 

1. Field of the Invention 

The present invention relates to a method of slip casting 
5 a powdery material such as an inorganic, organic, or metallic 
powdery material, a mold for use in a slip casting method, and 
a method of manufacturing an open porous body for use in a mold. 

2 . Description of the Relevant Art 

10 

Heretofore, molds for slip casting powdery materials 
have primarily been in the form of gypsum molds for various reasons . 
The gypsum molds are inexpensive, can easily be formed to shape, 
and, most importantly, have the following two superior properties 

is for use as molds : (1) The gypsum molds have a self water absorption 
capability (Since some slurries used in the slip casting process 
employ an organic solvent rather than water, the term "water" used 
in the present invention should be interpreted as covering an 
organic solvent. Therefore, the water absorption capability is 

20 meant to include an ability to absorb an organic solvent.) (2) 
The gypsum molds allow molded products to be removed with good 
mold releasability . 

A depositing step in a slip casting process causes 
water in a slurry to be absorbed by a porous mold. The water 

25 is absorbedby the porous mold under a differential pressure between 
a mold surface and a deposition surface (a boundary surface between 
a region where the slurry is deposited and a region where the 
slurry isnot deposited) . Thedif f erentialpressuremaybedeveloped 
by roughly two mechanisms, i.e., capillary attractive forces 

3 0 produced by the mold and an external pressure applied to the mold 
or the slurry, e.g., the gravity head pressure of the slurry, 
the forces applied to directly press the slurry, or the suction 
forces applied to evacuate the mold. The self water absorption 
capability, which is the first advantage of the gypsum molds, 

35 is produced by the capillary attractive forces , and allows a slurry 
to be deposited without applying an external pressure. 



A mold releasing step of removing a molded product 
from a mold is important in the slip casting process. If the 
molded product is not smoothly released from the mold, the molded 
product will be deformed as it is soft. The reason why a gypsum 
5 mold provides good mold releasability is that since gypsum is 
poor in water resistance, the surface of the gypsum mold is dissolved 
into water little by little. Stated otherwise, the good mold 
releasability provided by the gypsum mold is achieved because 
the molding surface of the gypsum mold is peeled off together 

10 with the molded product. 

As described above, the gypsum molds have two advantages, 
i.e. , good mold releasability and self water absorption capability. 
These advantages, however, are associated with disadvantages. 
Because the self water absorption capability is achieved by the 

15 capillaryattractive forces, the rate at which the slurry is deposited 
cannot be substantially increased, posing a limitation on efforts 
to increase the productivity. Inasmuch as the good mold 
releasability is provided by dissolving the molding surface of 
the mold, the molding surface will be greatly worn when the mold 

20 is used in many slip casting processes. The number of products 
that can be molded by one mold, i.e., the service life of one 
mold, is only in the range from 80 to 150. 

In order to eliminate the above shortcomings of the 
gypsum molds, there has been used a mold of water-resistant resin. 

25 A slurry is deposited in the mold of water-resistant resin by 
directly applying a pressure to the slurry. Therefore, when the 
pressure applied to the slurry is increased, the rate at which 
the slurry is deposited is also increased. The mold of 
water-resistant resin provides mold releasability which is much 

30 lower than the gypsum molds. Therefore, it has been customary 
to deliver air under pressure to the mold of water-resistant resin, 
i.e., to apply a back pressure to the mold, for supplying water 
accumulated in the mold and the air to a boundary surface between 
the mold and the molded product thereby to release the molded 

35 product from the mold. Specifically, Japanese patent publication 
No. 2-15364 discloses an air groove defined in a mold, and Japanese 
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patent publication No. 2-15365 shows a coarse porous layer disposed 
on the reverse side of a mold having a molding surface. The water 
and the air are supplied to the boundary surface between the mold 
and the molded product through the air groove or the coarse porous 
5 layer. Air grooves defined in molds are also proposed in Japanese 
patent publications Nos. 1-49803 and 2-17328. 

Porous materials of resin molds for pressure casting 
include epoxy, acrylic, and unsaturated polyester materials. 
Among these materials, the epoxy materials are widely used for 

io the reasons of small shrinkage and heat generation upon curing. 
There have been proposed open porous bodies as disclosed in Japanese 
patent publications Nos. 53-2464, 62-26657, 5-8936, 5-39972, 
5-43733, and 5-345835. Many porous bodies of ceramic and metallic 
materials, rather than the resin materials, have been proposed 

is as water-resistant mold materials for pressure casting. 

The pressure casting contributes to an increase in 
the productivity because the rate at which the slurry is deposited 
by the pressure casting is much higher than the gypsum slip casting 
due to direct pressurization of the slurry as described above. 

20 However, the direct pressurization of the slurry requires the 
provision of a strong piping structure, a strong mold structure, 
and a strong press structure for combining mold members (a molding 
space in a mold is usually formed by combining a plurality of 
mold members) , resulting in a huge cost required for the molding 

25 facility. 

The cost of the required molding facility is smaller 
for an arrangement in which no external pressure is applied to 
the slurry, as is the case with the slip casting process using 
the gypsum mold. It is an economically better choice to use a 

30 water-resistant moldmaterial rather than gypsuminorder to increase 
the service life of a mold, and deposit the slurry mainly under 
capillary attractive forces of the mold material, as is the case 
with the slip casting process using the gypsum mold. 

However, the above choice suffers large problems. 

35 Since the water-resistant mold material is used, it does not provide 
mold releasability of its own accord as with the gypsum molds. 
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Japanese patent publication No. 5-80324, for example, discloses 
anunsaturatedpolyestermoldmaterialhavinga self water absorption 
capability under capillary attractive forces, but only describes, 
with respect to mold releasability, the application of a gypsum 
5 spray to the surface of the mold prior to a slip casting process 
and the use of heat radiation or hot air when removing the molded 
product from the mold . These attempts to achieve mold releasabil i ty 
require respective facilities to remove the gypsum powder attached 
to the surface of the molded product in the former arrangement 
10 andtogenerate theheat radiationorhot air inthe latter arrangement . 
Therefore, such facilities are as costly as the pressure casting 
facilities . 

There has also been proposed a mold material such as 
resin-containing gypsum or gypsum which contains a water- insoluble 

is filler, rather than ordinary gypsum. However, the water resistance 
of these special gypsum mold materials is only slightly larger 
than the water resistance of ordinary gypsum, and the number of 
molded products that can be produced by one mold of such special 
gypsum mold materials ranges from 200 to 300, which is slightly 

20 greater than with the gypsum molds. 

One merit that is obtained when a back pressure is 
applied to the mold to release the molded product from the mold 
is that it allows molded products to be produced in a successive 
slip cast ingprocesswhichhas not beenpossiblewiththe conventional 

25 gypsum molds. Specifically, the deposition of a molded product 
is carried out in a gypsum mold by absorbing water in a slurry 
under capillary attractive forces of the mold. Consequently, 
when 1-3 molded products are successively formed by a dry gypsum 
mold, the pores of the gypsum mold are filled with water, making 

30 it impossible to develop capillary attractive forces. According 
to the customary practice, therefore, after 1-3 molded products 
are successively formed by a gypsum mold in daytime, the gypsum 
mold is dried almost completely at night, and then used for slip 
casting the next morning. As a result, the productivity of the 

35 gypsum mold is low, and the cost of energy used to dry the gypsum 
mold is noticeably large. 
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If a water-resistant material rather than gypsum is 
developed, then it may be used as a mold material, and the shortcoming 
of poor mold releasability due to its water resistance may be 
eliminated by using a mechanism to apply a back pressure to supply 
5 water and air between the mold and the molded product to release 
the molded product from the mold. Because water absorbed by the 
mold in the molding process can be discharged by the above mechanism, 
capillary attractive forces can be recovered for successively 
molding molded products. However, even such a water-resistant 

10 material would suffer the following drawbacks: 

Since capillary attractive forces cannot be produced 
when the pores of the mold are filled with water, a back pressure 
is exerted to the mold to remove the water from the mold. However, 
resistance to the passage of air and water poses problems. 

is Specifically, a mold which has large capillary attractive forces 
and a high deposition rate has pores of small diameter, and hence 
it is not easy to remove water from the pores. 

When a back pressure is applied to the mold to release 
the moldedproduct therefrom, if a large amount of airweredischarged, 

20 the molded product would tend to be broken and damaged by the 
air. For smoothly removing the molded product from the mold, 
therefore, it is necessary to create a water film between the 
mold and the moldedproduct . Sucha water f ilmcanbe formedrelatively 
easily in the pressure casting process for the following reasons: 

25 Because the mold is not required to have capillary attractive 
forces in casting cycles of the pressure casting process, the 
mold is used substantially in a water- saturated condition, which 
signifies the suction of much more water upon slurry deposition 
than a small amount of water discharged upon release of the molded 

30 product (therefore, it is necessary to discharge a considerable 
amount of water out of the mold upon slurry deposition) . In the 
slip casting which primarily employs capillary attractive forces 
to deposit a slurry, it is necessary to remove water from the 
pores of the mold in order to produce capillary attractive forces, 

35 and hence the slip casting process has to be carried out under 
conditions to break the water film with ease. Using the mechanism 
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to apply a back pressure for releasing the molded product from 
the mold results in an increase in the cost compared with the 
gypsum slip casting. 

5 SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a casting method which will provide excellent deposition 
capability and mold releasability in a slip casting method that 

10 primarily employs capillary attractive forces to deposit a slurry, 
without incurring as much facility cost as the known pressure 
casting process. 

Another object of the present invention is to provide 
a slip casting mold material which can produce more molded products 

is and has better productivity (deposition capability and mold 

releasability) than the conventional gypsum slip casting mold, 
and a method of manufacturing such a slip casting mold material. 

The above objects can be achieved according to the 
invention by a method of slip casting a powdery material with 

20 a slip casting mold having a self water absorption capability 
and a water absorption layer which is substantially water resistant, 
comprising the steps of I) controlling the water saturation 
percentage of the water absorption layer, II) pouring a slurry 
into the slip casting mold, III) depositing the slurry on the 

25 water absorption layer under a slip casting pressure which comprises 
a pressure selected from at least one of a) a slurry head pressure, 

b) a suction vacuum applied to the water absorption layer, and 

c) a pressure of at most 0.3 MPa applied directly to the slurry, 
and IV) releasing a deposited molded body from the slip casting 

30 mold. 

The inventors have made detailed studies with respect 
to a process of controlling the layer depositing capability and 
mold releasability of a slip casting mold for the purpose of 
accomplishing the above objects. As a consequence, there is also 
35 provided in accordance with the present invention a method of 
manufacturing an open porous body for use in a slip casting mold 
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for slip casting a powder material, comprising the steps of : stirring 
a mixture of an epoxy compound having at least one epoxy ring 
in one molecule, a hardener for reacting with the epoxy compound 
to harden the epoxy compound, a filler for developing self water 
5 absorption capability and mold releasability, and water into an 
O/W-type emulsion slurry; casting the emulsion slurry into a mold 
impermeable to water; and hardening the emulsion slurry in the 
mold while containing the water. The open porous body can be 
used in a slip cast ingmold which has self water absorption capability 

10 and mold releasability. 

There is also provided according to the invention a 
slip casting mold for slip casting a powdery material, which uses 
the open porous body as a water absorption layer thereof. 

Further objects, advantages and salient features of 

is the invention will become apparent from the following detailed 
description which, when considered in conjunction with the annexed 
drawings, describes presently preferred embodiments of the 
invention. 

20 Brief Description of the Drawings 

FIG. 1 is a cross-sectional view showing air grooves 
defined in an open porous body layer according to the present 
invention; 

25 FIG. 2 is a cross -sectional view of a coarse porous 

layer having an air pipe and mounted on the reverse side of the 
open porous body layer according to the present invention; 

FIG. 3 is a block diagram of successive steps in a 
slip casting method according to the present invention; 
30 FIG. 4 is a schematic view of a cassette-type slip 

casting mold according to the present invention, with air grooves 
defined in an open porous body layer; 

FIG. 5 is a schematic view of a cassette- type slip 
casting mold according to the present invention, with air grooves 
35 defined in a cassette case; and 

FIG. 6 is a cross-sectional viewof an internal structure 



of a slip casting mold according to the present invention. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



The presently preferred embodiments of the present 
invention will be describedbelow with reference to the accompanying 
drawings and tables. 

The step of controlling the water saturation percentage 
of a water absorption layer in a method of slip casting a powdery 
material will first be described below. 

Table 1 shows the relationship between the mold water 
saturation percentage, the deposition rate constant k, and the 
molded body water content percentage of a molded body at the 
time a slurry for molding a piece of sanitary earthenware is poured 
into an epoxy resin mold test piece. The mold water saturation 
percentage is 100 % when all the mold pores are filled with water. 
The deposition rate constant k is calculated according to the 
equation: k = L 2 /T where T is the time required to deposit a layer 
to a thickness of about 8 mm in the mold, and L is the measured 
thickness of the deposited layer. The molded body water content 
percentage is a water content percentage with respect to a dry 
reference immediately after the layer was deposited to a thickness 
of about 8 mm in the mold. 
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Table 1 



Mold water 
saturation 
percentage (%) 


Deposition rate 
constant k 
(mm 2 /100 sec) 


Molded body water 
content percentage 
(%, dry base) 


0.4 


1.8 


25.9 


9.5 


1.9 


26.0 


20.3 


1.8 


26.1 


31 . 5 


2.0 


25.8 


40.3 


2 . 6 


24 . 7 


50.8 


2.8 


24.1 


60.1 


2.8 


24.2 


70.9 


2.5 


24.8 


78.1 


2.3 


25.2 


81.0 


1.2 


26.9 



As can be seen from Table 1, the deposition rate 
5 constant k is the greatest when the mold water saturation 
percentage is in the range of 3 0 to 8 0 %, and is lower in a 
dry state which has been considered to be a good condition 
for the gypsum slip casting. The molded body water content 
percentage may be considered as important a factor as the 

io deposition rate because moldmaterials with smaller water content 
percentages are more resistant to deformation upon removal 
of the molded product and are subject to smaller dry shrinkage 
after removal of the molded product. From this standpoint, 
it is preferable to control the mold water saturation to range 

15 from 3 0 to 80 %. 

A slurry i s poured into the mold whose water saturation 
percentage has thus been controlled, and then the step of 
depositing a layer in the mold is carried out. 

In the method of slip casting a powdery material 

20 according to the present invention, capillary attractive forces 
of the mold are primarily employed to deposit a layer in the 
mold. However, another pressure may alternatively or 
additionallybeemployedasaslipcastingpressure. For example, 
since the head pressure of the slurry is usually used to pour 
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the slurry into the mold, the head pressure may conveniently 
be used as the slip casting pressure. 

In a slip casting process using an ordinary gypsum 
mold, since the gypsum has relatively small strength and suffers 
cracks even when it is slightly deformed, the head height is 
limited to at most about 0.4 m (the slurry head height indicates 
the distance from the uppermost portion of the molded product 
to the upper surface of the slurry) . 

In a preferred embodiment according to the present 
invention, since a resin mold of a greater strength is used, 
the head height can be increased preferably to 0.4 m or more 
and more preferably to 0 . 6m or more . 

The increased head height results in such an advantage 
that it can increase the deposition rate when applied as a 
slip casting pressure. However, any practical slurry head 
height, no matter how high it maybe, is smaller than the capillary 
attractive forces of the mold . The greatest merit of the increased 
head height is to be able to reduce the molded product water 
content percentage, and manifests itself according to the present 
invention as compared with the gypsum slip casting. 

If a mechanism for passing air and water is used 
to control the water saturation percentage of the mold material 
and release the molded product from the mold, as described 
later on, then the mechanism may be employed to evacuate the 
mold under a vacuum suction pressure which may be used as a 
slip casting pressure. The vacuum suction pressure may also 
be used not only in the step of depositing a layer, but also 
in the step of pouring the slurry and the step of compacting 
the deposited layer, as described later on . If the vacuum suction 
pressure is used in the step of pouring the slurry, then since 
air is removed from the molding space in the mold, the slurry 
can be poured into the mold at an increased speed, and pins 
are less liable to exist in the molded product. If the vacuum 
suction pressure is used in the step of compacting the deposited 
layer, then the deposited layer is compacted at an increased 
speed. 
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If the mold is evacuated during the step of depositing 
a layer in the mold, however, then the surface of the molded 
product may possibly be peeled off upon removal from the mold 
depending on the type of the material of the molded product 
5 and the conditions under which the molded product is formed. 
If the material of the moldedproduct contains many fine particles, 
then the surface of the molded product is more likely to be 
peeled off. 

The surface of the molded product may be prevented 

10 from being peeled off by a process of not evacuating the mold 
from a time near the end of the deposition step, rather than 
evacuating the mold throughout the deposition time of the 
deposition step. If such a process is employed, then it is 
preferable to evacuate the mold during a time selected in the 

is period from the start of the deposition step to 80 % of the 
time of the deposition step. For example, if the deposition 
time is 30 minutes, then the time during which to evacuate 
the mold may be selected from 0 minute to 24 minutes, or 0 
minute to 2 0 minutes, or 2 minutes to 20 minutes where 0 minute 

20 is the start time of the deposition step. Another process of 
preventing the surface of the molded product from being peeled 
off is to reduce the suction vacuum as the deposition time 
pr ogr e ssesinthe depo s i t i on s t ep . For examp 1 e , i f t he depo s i t i on 
time is 60 minutes, then the suction vacuum may be reduced 

25 such that it is 0.08 MPa from 0 minute to 30 minutes, 0.04 
MPa from 30 minute to 50 minutes, and 0.01 MPa from 50 minutes 
to 60 minutes, where 0 minute is the start time of the deposition 
step . 

The above two processes may be combined with each 
30 other. For example, if the deposition time is 50 minutes, then, 
then the suction vacuum may be 0.06 MPa from 0 minute to 30 
minutes and 0.02 MPa from 3 0 minute to 40 minutes, and the 
mold is not evacuated from 40 minutes to 50 minutes where 0 
minute is the start time of the deposition step. 
35 The slip casting pressure in the slip casting method 

according to the present invention may be produced by a piston 
or a pump for directly pressurizing the slurry, as with the 
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pressure casting. However, it is not preferable to directly 
pressurize the slurry because the mold and the casting machine 
will have to be of a rugged construction. If the slurry is 
nevertheless to be directly pressurized, then the pressure 
5 applied to the slurry should be 0.3 MPa or less. 

After the slurry has been deposited to the point 
where the molded product has a predetermined thickness, the 
molded product is released from the mold. The molded product 
may be released from the mold by either a natural releasing 

io process in which the molded product is released from the mold 
naturally of its own accord or a water film releasing process 
in which the molded product is released from the mold by water 
and air supplied to a boundary surface between the mold and 
the molded product under a back pressure applied to the mold. 

15 The natural releasing process requires use of a mold material 
which provides self mold releasability while substantially 
maintaining water resistance, and will be described later on. 

The water film releasing process is required to discharge 
water and air uniformly from the surface of the mold. Unless 

20 a water film is created in the boundary surface between the 
mold and the molded product, the molded product will be blown 
off by the air. The above preferable range from 3 0 to 8 0 % 
for the water saturation percentage prior to the pouring the 
slurry into the mold is a range appropriate for smoothly releasing 

25 the molded product from the mold with the water film (The water 
saturation percentage may be 80 % or more, e.g., 100 %, for 
releasing the molded product from the mold with the water film, 
but the deposition rate is lower with such water saturation 
percentage) . 

30 There are two types of slip casting processes, i.e. , 

a solid casting process in which water is absorbed by the mold 
from opposite sides of the molded product (also referred to 
as a core casting process, with a portion of the molded product 
thus produced being referred to as a core portion) , and a drain 

35 casting process in which water is absorbed by the mold from 
one side of the molded product and an excessive slurry is drained 
after a layer is deposited to a predetermined thickness (also 
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referred to as a single- sided casting process, with a portion 
of the molded product thus produced being referred to as a 
single- sided portion) . Most pieces of sanitary earthenware 
include both core and single-sided portions in a molded body. 
5 The method according to the present invention is 

applicable to both the solid casting process and the drain 
casting process . However, if the method according to the present 
invention is applied to the drain casting process, then it 
is necessary to add the step of draining an excessive slurry 

10 and the step of compacting the deposited layer by lowering 
the water content percentage of a slurry drained surface of 
the deposited layer to increase the hardness thereof, between 
the deposition step and the mold release step. 

In the step of draining an excessive slurry, a slurry 

15 draining air hole is defined in the mold in communication with 
the molding space, and air is delivered under pressure into 
the molding space through the slurry drainingair hole to discharge 
the excessive slurry (through a discharge port which is usually 
the inlet port through which the slurry has been introduced 

20 into the mold) . In the next step of compacting the deposited 
layer, water in the slurry drained surface of the deposited 
layer flows through the molded product into the mold material 
under capillary attractive forces of the mold even when the 
molded product is left to stand. For shortening the time required 

25 for compacting the deposited layer, it is preferable to introduce 
air under pressure into a slurry draining space (usually through 
the slurry draining air hole) . 

The higher the pressure applied to air introduced 
into the slurry draining space for compacting the deposited 

30 layer , the greater the speed at which the water content percentage 
of the slurry drained surface of the deposited layer drops. 

In the conventional process using the gypsum mold, since the 
mold would otherwise be broken or the molded product would 
otherwise crack, an upper limit for the air pressure applied 

35 in the step of compacting the deposited layer has been about 
0.005 MPa. According to the present invention, since the 
mechanism for releasing the molded product from the mold is 
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different from that used in the gypsum slip casting process 
and the resin mold of a greater strength than the gypsum mold 
is used in the preferred embodiment, the pressure applied to 
compact the deposited layer can be increased, and should 
5 preferably range from 0.005 MPa to 0 . 4 MPa, and more preferably 
range from 0.007 MPa to 0.1 MPa. 

The water may be caused to flow in the step of compacting 
the deposited layer by a suction vacuum applied to evacuate 
the mold in combination with the air introduced under pressure 

10 into the slurry draining space . If the mold is evacuated during 
the step of compacting the deposited layer in the mold, however, 
then the surface of the molded product may possibly be peeled 
off upon removal from the mold depending on the type of the 
material of the molded product and the conditions in which 

15 the molded product is formed. If the material of the molded 
product contains many fine particles, then the surface of the 
molded product is more likely to be peeled off. 

The surface of the molded product may be prevented 
from being peeled off by a process of not evacuating the mold 

20 from a time near the end of the compacting step, rather than 
evacuating the mold throughout the compacting time of the 
compacting step. If such a process is employed, then it is 
preferable to evacuate the mold during a time selected in the 
period from the start of the compacting step to 80 % of the 

25 time of the compacting step. For example, if the compacting 
time is 10 minutes, then the time during which to evacuate 
the mold may be selected from 0 minute to 8 minutes, or 0 minute 
to 5 minutes, or 2 minutes to 7 minutes where 0 minute is the 
start time of the compacting step. 

30 Another process of preventing the surface of the 

molded product from being peeled off is to reduce the suction 
vacuum as the compacting time progresses in the compacting 
step. For example, if the compacting time is 15 minutes, then 
the suction vacuum may be reduced such that it is 0.08 MPa 

35 from 0 minute to 10 minutes, 0.04 MPa from 10 minute to 13 
minutes, and 0.01 MPa from 13 minutes to 15 minutes where 0 
minute is the start time of the compacting step. 
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The above two processes may be combined with each 
other. For example, if the compacting time is 2 0 minutes, then, 
then the suction vacuum may be 0.06 MPa from 0 minute to 10 
minutes and 0.02 MPa from 10 minute to 15 minutes, and the 
5 mold is not evacuated from 15 minutes to 2 0 minutes where 0 
minute is the start time of the compacting step. 

If the mold releasing step of removing a molded 
product from a mold under a back pressure applied to the mold 
is employed, water and air are discharged from the molding 

io surface at the end of the removal of the molded product from 
the mold. Therefore, if the end of the removal of the molded 
product from the mold is followed by the step of controlling 
the water saturation percentage of a water absorption layer, 
then the steps are carried out smoothly one after another, 

is making it possible to control moldedproduct releasing conditions 
for equalizing the water saturation percentage of the mold 
at the end of the removal of the molded product from the mold 
to the appropriate water saturation percentage of the mold 
at the time of pouring the slurry into the mold. 

20 The various steps of the slip castingmethod according 

to the present invention have been described above. Now, a 
process of controlling the water saturation percentage of the 
water absorption layer will be described below. 

Since the water saturation percentage of the water 

25 absorption layer is in the range of 3 0 to 80 % at the time 
of pouring the slurry into the mold, it is preferable to adjust 
the water saturation percentage of the water absorption layer 
into the above range . 

For example, if the amount of water absorbed from 

30 the slurry in a previous casting cycle occupies a considerable 
proportion of the volume of the water absorption layer, then 
it is necessary to dehydrate the water absorption layer before 
the slurry is poured into the mold. Stated otherwise, if a 
large amount of water is discharged from the mold when the 

35 molded produced is released from the mold under a back pressure 
applied thereto, then it is necessary to supply water to the 
water absorption layer before the slurry is poured into the 
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mold. 

The water saturation percentage of the water 
absorption layer may be controlled by either introducing water 
to discharge air or introducing water to discharge water. 
5 In addition, if the water saturation percentage of the water 
absorption layer is higher than a desired target value, then 
water may be introduced into the water absorption layer to 
further increase the water saturation percentage thereof, and 
thereafter air may be introduced to lower the water saturation 

10 percentage down to the target value. This latter process is 
relied upon when the water content percentage of the water 
absorption layer is irregular upon removal of the molded product 
from the mold because it is not possible to deposit a uniform 
layer in the mold and to form a water film upon removal of 

15 the moldedproduct fromthe mold. Inthiscase, water is introduced 
to make uniform the water content percentage, and then air 
is introduced to lower the water saturation percentage down 
to the target value. With this process, the molding surface 
and air grooves (described later) can be cleaned to increase 

20 the service life of the mold, i.e., the number of molded products 
that can be produced by the mold. 

The water may often contain various impurities such 
as ions. If the water contains those various impurities, then 
the above process of introducing water into the water absorption 

25 layer to increase the water saturation percentage thereof, 
and then introducing air to lower the water saturation percentage 
down to the target value is not preferable as it will cause 
clogging of the mold. 

In such a case, the introduction of water into the 

30 mold should be avoided as much as possible. If water has to 
be introduced periodically (e.g., once a week or a month) to 
clean the air grooves, then water from which impurities have 
been removed by various filters should be introduced into the 
mold. 

35 A process of introducing air or water into the water 

absorption layer will be described below. It is preferable 
to introduce air or water into the water absorption layer by 
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providing air and water passing means for passing air and water 
into the water absorption layer, and introducing air and water 
into the mold through the air and water passing means under 
a back pressure. 

The air and water passing means is also effective 
in evacuating the mold to increase the deposition rate at the 
time a layer is deposited in the mold and also in applying 
a back pressure to the mold to release the molded product from 
the mold with a water film, in addition to controlling the 
water saturation percentage. 

The air and water passing means may comprise air 
grooves defined within the water absorption layer or in the 
reverse side of the water absorption layer for passing air 
and water therethrough. Theairgroovesmaybedef inedat constant 
intervals substantially parallel to the molding surface, as 
shown in FIG. 1, or at constant intervals substantially 
perpendicularly to the molding surface, or may be positioned 
in various patterns in the water absorption layer, so that 
air and water can be discharged substantially uniformly from 
the molding surface when a back pressure is applied to the 
mold. The air grooves are connected into one or more main 
air grooves which are connected to a pipe extending out of 
the mold for passing air and water therethrough. 

Furthermore, the air and water passing means may 
comprise a coarse porous layer disposed on the reverse side 
of the water absorption layer and having an air pipe extending 
out of the mold for passing water and air, as shown in FIG. 
2. In this arrangement, when the air pipe is pressurized, the 
pressure in the coarse porous layer tends to be relatively 
uniform because the pores thereof have large diameters, for 
thereby discharging water and air relatively uniformly from 
the molding surface. One air pipe may be provided per mold, 
or if the pressure in the coarse porous layer is not uniform 
with one air pipe, then a plurality of air pipes may be provided 
per mold. These air pipes extend out of the mold for passing 
air and water therethrough. 
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The water absorption layer which is substantially 
resistant to water that is used in the present invention will 
be described below. The term "resistant to water" means not 
using a mold material which achieves mold releasability by 
5 dissolving its surface, as is the case with a gypsum mold. 
Mold materials which are resistant to water include a resin 
moldmaterial, a metallic moldmaterial, a ceramic mold material, 
etc. For example, since a mold for manufacturing a product 
having a complex shape, such as sanitary earthenware, should 

10 preferably be a mold that can be formed by pouring a mold material , 
such a mold should preferably a resin mold. Resin molds include 
an epoxy mold, an acrylic mold, an unsaturated polyester mold, 
etc. In view of the viscosity of a resin, the length of a pot 
life, etc., an epoxy mold is relatively easy to use. 

is The water absorption layer has its self water 

absorption capability developed by capillary attractive forces 
of a mold material which is an open porous body. An open porous 
body for making a metallic mold or a ceramic mold may be produced 
by sintering a metallic powder or a ceramic powder, so that 

20 interstices between sintered particles will be utilized as 
pores. For making an epoxy mold, for example, an epoxy resin 
(including a hardener) , water, and a filler are mixed into 
an emulsion slurry of the O/W type (an oil phase is dispersed 
in a water phase which is a continuous phase) , and after the 

25 emulsion slurry is hardened, pores are formed in the water 
phase which is a continuous phase. 

For applying the casting method according to the 
present invention to an industrial production line, the steps 
of the method have their own characteristic operations. For 

30 example, a large amount of water is possibly discharged from 
the moldinthestepof controllingthe water saturationpercent age 
of the water absorption layer and the step of releasing the 
molded product from the mold with the water film, and dedicated 
devices are required for the introduction of the slurry and 

35 the vacuum suction. The cost of equipment may be reduced by 
associating the steps with respective stations, providing a 
facility for processing discharged water in the steps of 
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discharging a large amount of water, and providing dedicated 
devices only in the stations of corresponding steps, rather 
than for all molds. In such an arrangement, since a carriage 
device is needed to move the mold between stations, whether 
5 the type in which the mold is movable or the type in which 
the mold is fixed should be selected differs from case to case. 

In the type in which the mold is movable, not all 
steps are required to be carrird out in different stations. 
As shown in FIG. 3, stations may be provided for respective 
io blocks where some successive steps are put together. 

If stations are provided for respective blocks, 
and a plurality of molds are handled in one station, then the 
number of stations is reduced, but the carriage device for 
the molds is complex, 
is If the disadvantage associated with a complex 

carriage device for the molds is too large, then it is preferable 
to use a system which handles a single mold in one station. 
Such a system should preferably employ two stations, i.e., 
a station in which the slurry is poured into the mold and a 
20 layer is deposited in the mold (the slurry is discharged and 
the deposited layer is compacted) , and a station in which the 
molded produced is released from the mold. Controlling the 
water saturation percentage is carried out in either one of 
the two stations (usually, the station in which the molded 
25 product is released from the mold) . 

Applications of the slip casting method according 
to the present invention are not limited to any specific fields . 
However, the slip casting method according to the present 
invention is effectively applied to the production of ceramic 
30 whiteware such as sanitary earthenware, fine ceramic products, 
and powder metallurgy products, for example. 

A slip casting mold and a method of manufacturing 
an open porous body for use in such a slip casting mold according 
to the present invention will be described below. 
35 An epoxy compound used in the present invention 

has one or more epoxy rings in one molecule, is a liquid at 
normal temperature, and has a low viscosity convenient for 
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producing an emulsion slurry. The epoxy compound should 
preferably be a glycidyl epoxy resin, and more preferably a 
bisphenol epoxy resin such as a bisphenol A epoxy resin, a 
bisphenol F epoxy resin, a bisphenol AD epoxy resin, or the 
5 like. 

A hardener for the epoxy compound should preferably 
be of polyamide, polyamine, modified polyamine, or a mixture 
thereof for producing an emulsion slurry of low viscosity. 
(The emulsion slurry of low viscosity is preferable because 

10 it can be introduced into every corner and crevice of the large 
and complex slip casting space of molds for forming large and 
complex molded products . ) Particularly preferable among those 
hardeners is a polyamide hardener. 

The development of self water absorption capability 

is and mold releasability with a filler, which is the most important 
aspect of the present invention, will be described below. 
The self water absorption capability and mold releasability 
can be developed with a filler by various means which can be 
combined with each other. With respect to the self water 

20 absorption capability, the ability of a mold to deposit the 
slurry is produced by capillary attractive forces of the mold 
material. Therefore, the question is how capillary attractive 
forces of the mold material are developed by the filler. In 
this connection, it is important to note that the deposition 

25 characteristics of the slurry material are affected by not 
only the capillary attractive forces of the mold material but 
also the resistance to passage of water. The resistance to 
passage of water is roughly divided into a resistance imposed 
by the deposited layer and a resistance imposed by the mold 

30 (strictly, from the molding surface of the mold to the tip 
endof the water saturatedportionthereof) . Amoldwhichprovides 
large capillary attractive forces has a small pore diameter. 
However, since a mold which has a small pore diameter presents 
a large resistance to passage of water, a mold which provides 

35 large capillary attractive forces may not necessarily have 
an excellent self water absorption capability. It is necessary 
for a mold to have a balance between capillary attractive forces 
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and a resistance imposed by the mold material to passage of 
water. Inasmuch as the resistance imposed by the mold material 
to passage of water affects the deposition rate in combination 
with the resistance imposed by the deposited layer to passage 
5 of water, optimum properties of the mold cannot be determined 
solely based on the mold material, but should be determined 
in combination with various deposited layers. 

For slip casting a molded product with a completely 
dry mold, if the average water content percentage of the deposited 

10 layer is constant and also the mold absorbs water uniformly, 
then the ratio between the resistance imposed by the deposited 
layer to passage of water and the resistance imposed by the 
mold material to passage of water is constant at all times. 
In the slip casting method according to the present invention, 

is it is sometimes preferable to slip cast a molded product with 
a mold having a considerably high water saturation percentage. 

In such a case, the ratio between the resistance imposed by 
the deposited layer to passage of water and the resistance 
imposed by the mold material to passage of water varies as 

20 the slurry is deposited, and hence it is necessary to take 
into account the water saturation percentage of the mold upon 
start of the deposition of the slurry and the deposition time 
(the amount of the deposited material) . 

In view of the above analysis, the inventors have 

25 conducted experiments on various materials for slip casting 
sanitary earthenware under various different casting conditions , 
and found that the following conditions should be satisfied 
in order to manufacture a slip casting mold which provides 
an industrially effective deposition rate: 

30 If the hardener mainly made of polyamide is used, 

then the filler should preferably have an average particle 
diameter ranging from 0.3 pm to 8 j^m. The filler may be of 
any material insofar as it can be bonded by an epoxy resin 
and its grain size can be controlled. For example, the filler 

35 may be of a powder of siliceous stone or a powder of siliceous 
sand. The average particle diameter is defined as a particle 
diameter representing a 50 % cumulative volume according to 
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a volumetric reference. If the average particular diameter 
were smaller than 0.3 ^mor greater than 8 jxm, then insufficient 
capillary attractive forces would be developed under industrial 
casting conditions. 
5 If the hardener is made of a product produced by 

areactionbetweenchain-likef attyprimarypolyamine andglycidyl 
ether having two or more glycidyl groups in one molecule, then 
the filler should preferably have an average particle diameter 
ranging from 1 ^m to 20 ^m. If the average particular diameter 

10 were smaller than 1 pm or greater than 2 0 jjm, then insufficient 
capillary attractive forces would be developed under industrial 
casting conditions. The filler may be of any material insofar 
as it can be bonded by an epoxy resin and its grain size can 
be controlled. For example, the filler may be of a powder of 

15 siliceous stone or a powder of siliceous sand. The chain-like 
fatty primary polyamine is preferably represented by 
H 2 N[ (CH 2 ) 2 NH] n (CH 2 ) 2 3SrH 2 with amino groups on opposite ends of 
the molecule, and more preferably comprises diethylenetriamine, 
triethylenetetramine, tetraethylenepentamine, or 

20 pentaethylenehexamine . The glycidyl ether having two or more 
glycidyl groups in one molecule preferably comprises neopentyl 
glycol glycidyl ether having two glycidyl groups in one molecule, 
1,6 hexanediol glycidyl ether, ethylene glycol glycidyl ether, 
bisphenol A glycidyl ether, or trimethylolpropane triglycidyl 

25 ether having three glycidyl groups in one molecule. In the 
reaction between chain-like fatty primary polyamine andglycidyl 
ether having two or more glycidyl groups in one molecule, if 
m amino groups per molecule of the chain- like fatty primary 
polyamine are to be changed into imino groups , then the preferable 

30 rate of progress of the reaction which is represented by the 
number m of amino groups is in the range of 0.1 <m< 1.5 (if 
imino groups are to be further reacted with the glycidyl groups, 
then the number of such imino groups is also counted as m) . 
If the number mwere smaller than 0 . 1, theninsuf f icient capillary 

35 attractive forces would be developed under industrial casting 
conditions. If the number m were greater than 1.5, then the 
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product produced by the reactionbetween chain-like fatty primary 
polyamine and glycidyl ether having two or more glycidyl groups 
in one molecule would be too viscous to handle with ease. 

If the hardener is primarily composed of 1 ~ 5 wt % 
5 of a product produced by a reaction between monomer fatty acid 
and chain-like fatty primary polyamine and 99 - 95 wt % of 
a product produced by a reaction between polymer fatty acid 
and chain- like fatty primary polyamine, then the filler should 
preferably have an average particle diameter ranging from 1 

10 jx m to 20 ju,m. If the average particular diameter were smaller 
than 1 pta or greater than 2 0 j^m, then insufficient capillary 
attractive forces would be developed under industrial casting 
conditions. The filler may be of any material insofar as it 
c an be bonded by an epoxy resin and its gr a insizecanbe cont r ol led. 

is For example, the filler may be of a powder of siliceous stone 
orapowderof siliceous sand. The monomer f attyacidispref erably 
mainly composed of oleic acid, linolic acid, or erucic acid. 
The chain-like fattyprimarypolyamine is preferably represented 
by H 2 N[ (CH 2 ) 2 NH] n (CH 2 ) 2 NH 2 with amino groups on opposite ends 

20 of the molecule, andmorepref erably comprises diethylenetriamine, 
triethylenetetramine, tetraethylenepentamine, or 
pentaethylenehexamine . The polymer fatty acid is preferably 
mainly composed of dimer acid. If the proportion of the product 
producedby the reactionbetween monomer fatty acidand chain-like 

25 fatty primary polyamine were smaller than 1 wt % or greater 
than 5 wt %, then insufficient capillary attractive forces 
would be developed under industrial casting conditions. If 
the proportion of the product produced by the reaction between 
polymer fatty acid and chain-like fatty primary polyamine were 

30 greater than 99 wt % or smaller than 95 wt %, then insufficient 
capillary attractive forces would be developed under industrial 
casting conditions. 

The various preferable means for causing an open 
porous body to develop a self water absorption capability with 

35 a filler have been described above according to the type of 
the filler. Now, the development of mold releasability with 
a filler will be described below. The development of mold 
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releasability with a filler can be classified into two large 
categories. In the first category, a mold material itself is 
given mold releasability by the action of a filler. According 
to one preferable example of this category, the filler is primarily 
5 composed of aluminum hydroxide. The filler may be entirely 
composed of aluminum hydroxide, or may be combined with another 
filler. If the filler is combined with another filler, then 
the proportion of aluminum hydroxide in the combination of 
fillers should preferably be 30 vol. % or more. 

io According to another preferable example of this 

category, the filler is primarily composed of a hydraulic material 
In this example, a mold material is made of an emulsion slurry 
of the 0/W type. Since the hydraulic material of the filler 
is hardened by water of the continuous phase, an open porous 

15 body can easily be produced. The filler may be composed of 
a hydraulic material in its entirety, or may be combined with 
another filler. If the filler is combined with another filler, 
then the proportion of the hydraulic material in the combination 
of fillers should preferably be 3 0 vol . % or more. The hydraulic 

20 material is preferably alumina cement, Portland cement, mixed 
cement composed primarily of Portland cement, a hemihydrate 
gypsum, or p hemihydrate gypsum. 

Another advantage which is obtained by using a 
hydraulic material as a main component of the filler is that 

25 the grain size distribution of the filler can be controlled 
by the crystal of f ine particles generatedbyahydrating reaction. 
Therefore, using a hydraulic material as a main component 
of the filler can be effective to develop capillary attractive 
forces of an open porous body. If a hydraulic material is used 

30 as a material of the filler, then various additives including 
a hardening accelerator, a hardening retarder, an expanding 
agent, an AE agent, etc. which can be used in combination with 
various hydraulic materials may be added. 

If a hydraulic material is used as a material of 

35 the filler, then two factors, i.e., a curing reaction of a 
resin and a hydrating reaction of the hydraulic material, are 
involved in a hardening reaction of an emulsion slurry, and 
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a balance is required to be achieved between the above two 
factors. With respect the curing reaction of a resin, the 
preferable hardening temperature (the atmospheric temperature 
of a curing chamber) ranges from 2 0 to 50°C, which is a normal 

5 temperature range for curing an epoxy resin. If a hydraulic 
material is used as a material of the filler, then since the 
deposition rate may be greater at lower curing temperatures, 
the preferable hardening temperature ranges from - 20 to 50°C. 
If the curing temperature is set to 20°C or below, it is preferable 

1.0 to cure the resin at 2 0°C or below in a primary curing process 
and then cure the resin at 2 0 to 50°C in a secondary curing 
process for post-curing of the resin. For setting the curing 
temperature to a lower temperature, it is necessary to not 
only control the temperature of the curing chamber, but also 

15 cool the materials used. Cooling the hydraulic material before 
it is mixed with other materials is often effective to increase 
the deposition rate in particular. 

In the second category of the development of mold 
releasability with a filler, the ability of an open porous 

20 body to pass a fluid therethrough is employed. The ability 
of an open porous body to pass a fluid therethrough is the 
ability of a mold of an open porous body to pass water and 
air therethrough for releasing a molded product from the mold 
with the water and air supplied to a boundary surface between 

25 the mold and the molded product under a back pressure applied 
to the mold. One problem which is encountered is that if 
capillary attractive forces of the mold are used to deposit 
a layer in the mold, then reducing the diameter of pores of 
the mold for increasing the capillary attractive forces also 

30 reduces the ability of the open porous body to pass a fluid 
therethrough. To solve this problem, the grain size 
distribution of the filler may be selected to be as sharp as 
possible, i.e., the filler may be of uniform particle diameters . 
Inasmuch as it is highly industrially difficult to make uniform 

35 the diameters of all particles, there is a preferable grain 
sizedistributionthatcanbecontrolledindustrially, as follows : 
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Generally/ the grain size distribution of a powder 
is expressed by a Rosin-Rammler's distribution. According to 
the Rosin-Rammler's distribution, a particle diameter 
corresponding to 36.8 % by integrated sieved volume (which 
5 does not mean actual sieving, but means that volume % of particles 
having diameters greater than the particle diameter is 36.8 %) 
is referred to as an absolute size constant, and recognized 
as a central particle diameter . In order to increase the ability 
to pass a fluid without substantially affecting the deposition 

io rate, it is preferable to make sharp the grain size distribution 
of fine particles in particular, and the integrated sieve volume 
of particle diameters which are 1/4 of the absolute size 
constant may be selected not to exceed 30 %. With respect to 
the grain size distribution of coarse particles, the ability 

is to pass a fluid can be increased by adding a small amount of 
coarse particles (the grain size distribution has two or more 
peaks, i.e., a peak provided by the central fine particles 
and a peak provided by the small amount of coarse particles) . 
Adding the small amount of coarse particles is also effective 

20 to slightly suppress the occurrence of a dilatancy phenomenon 
(described later on) . The filler may be of any material insofar 
as it can be bonded by an epoxy resin and its grain size can 
be controlled. For example, the filler may be of a powder of 
siliceous stone or a powder of siliceous sand. 

25 A first method of preventing the emulsion slurry 

from exhibiting dilatancy is to add a dilatancy reducing agent 
as a material of the emulsion slurry. Preferable dilatancy 
reducing agents include various nonionic surface active agents, 
cationic surface active agents, anionic surface active agents, 

30 ampholytic surface active agents, organic solvents such as 
methanol, ethanol, isobutyl alcohol, acetone, etc., polymeric 
electrolytes such as carboxyl methyl cellulose sodium salt, 
methyl cellulose sodium salt, etc., and polymeric materials 
such as polyethylene oxide which can be dispersed in water 

35 to impart thixotropy. 

A second method of preventing the emulsion slurry 
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from exhibiting dilatancy is to mix and stir an epoxy compound 
and water, then add a filler to the mixture and mix and stir 
the mixed materials , and thereafter add a hardener to the mixture 
and mix and stir the mixed materials. 
5 The epoxy compound, the hardener, and the filler 

for developing self water absorption capability and mold 
releasability, which are used as main materials of the emulsion 
slurry according to the present invention have been described 
above. To these materials, there may also be added a reactive 

10 diluting agent such as butyl glycidyl ether, aryl glycidyl 
ether, styrene oxide, phenyl glycidyl ether, cresyl glycidyl 
ether, ethylene glycol glycidyl ether, neopentyl glycol glycidyl 
ether, 1,6 hexanediol glycidyl ether, trimethylolpropane 
triglycidyl ether, or the like, a hardening accelerator such 

is as benzyldimethylamine, 

2,4, 6-tris (dimethylaminomethyl) phenol , 

2,4, 6-tris (dimethylaminomethyl ) phenol tri-2-ethylhexylate, 
or the like, a soluble salt such as potassium chloride, sodium 
chloride, zinc chloride, calcium chloride, barium chloride, 

20 titanium chloride, iron chloride, nickel chloride, magnesium 
chloride, aluminum sulfate, zinc sulfate, cobalt sulfate, 
aluminumammoniumsulfate, aluminumpotassiumsulf ate, potassium 
sulfate, cobalt sulfate, iron sulfate, copper sulfate, sodium 
sulfate, nickel sulfate, magnesium sulfate, manganese sulfate, 

25 sodium hydroxide, potassium hydroxide, calcium hydroxide, or 
the like, a debubblizer, a coloring agent, a surface active 
agent, and the like. 

The open porous body for use in a slip casting mold 
for slip casting a powdery material has been described above. 

30 A slip casting mold which incorporates the open porous body 
will be described below. The open porous body serves as a molding 
surface of the slip casting mold. Since the slip casting process 
which employs the slip casting mold according to the present 
invention is carried out under low pressures, the slip casting 

35 mold does not require substantial strength. Therefore, major 
components of the slip casting mold may be composed of the 
open porous body (whose strength is lower than the strength 
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of a body which is not porous) , and the slip casting mold is 
of a simple structure and can be manufactured inexpensively. 

However , a backing layer may be mounted on the reverse 
side of the mold which is opposite to the molding surface thereof . 
5 The backing layer offers the following advantages: (1) The 
mold is made strong to provide against damage though the slip 
casting process is carried out under low pressures. (2) The 
open porous body layer can be made as thin as possible and 
hence is allowed to have uniform properties. If air grooves 

io are defined in the mold, then since the distance from the air 
grooves to the reverse side of the mold is reduced, the amount 
of water and air supplied to mold portions which have nothing 
to do with releasing the molded product from the mold is reduced, 
thereby improving mold releasability. The backing layer may 

15 be made of any materials, but can easily be manufactured if 
it is made by solidifying a flowable material. For example, 
the backing layer may be made of plastic (whose constituents 
may all be organic , or which may contain a considerable proportion 
of an inorganic filler) , or a hydraulic material such as concrete, 

20 mortar, or the like. A reinforcing layer such as an iron frame 
may be mounted on the mold outwardly of the backing layer. 

The backing layer and the open porous body layer 
may be separately produced and bonded to each other. 
Alternatively, one of the backing layer and the open porous 

25 body layer may be produced first, and after an adhesive is 
coated on a mating surface thereof, the other layer may be 
poured onto the layer which has been produced first. If the 
other layer which is poured subsequently has a bonding capability 
with respect to the layer which has been produced first, then 

30 the adhesive is not required to be coated on the mating surface. 

The mold material which employs the open porous 
body according to the present invention is characterized by 
good mold releasability . The development of mold releasability 
canbeclassif iedintotwolarge categories . Inthe first category, 

35 the mold material itself is given mold releasability. In the 
second category, mold releasability is based on the excellent 
ability of the open porous body to pass a fluid therethrough 



under a back pressure applied to the mold. If a mold material 
in the second category is used, then the open porous body is 
required to have air and water passing means . If a mold material 
in the first category is used, then it does not necessarily 
need any air and water passing means. However, if mold 
releasability is to be further increased or the open porous 
body is to be evacuated to increase the deposition rate during 
the deposition process, thenamoldmaterial in the first category 
may be combined with air and water passing means. 

Air and water passing means for passing air and 
water into the open porous body may comprise air grooves defined 
inside or in the reverse side of the openporousbody for introducing 
air and water through the air grooves or evacuating the open 
porous body through the air grooves. The air grooves may be 
arranged at constant intervals substantially parallel to the 
molding surface as shown in FIG. 1, or at constant intervals 
substantially perpendicular to the molding surface, or may 
otherwise be arranged in various patterns in the open porous 
body, so that when air under pressure is supplied to the open 
porous body, water and air are discharged substantially 
uniformly from the molding surface through the air grooves. 

The air grooves are connected into one or more main air grooves 
which are connected to a pipe extending out of the mold for 
pressurizing or evacuating the open porous body. 

Another air and water passing means for passing 
air and water into the open porous body may comprise a coarse 
porous layer disposed on the reverse side of the open porous 
body layer and having an air pipe extending out of the mold 
forpassingwaterandair, as shown inFIG. 2. Inthis arrangement, 
when the air pipe is pressurized, the pressure in the coarse 
porous layer tends to be relatively uniform because the pores 
thereof have large diameters, for thereby discharging water 
and air relatively uniformly from the molding surface for 
removing the molded product from the mold. The coarse porous 
layer preferably has an average pore diameter of 100 ^m for 
making uniform the pressure in the coarse porous layer. One 
air pipe may be provided per mold, or if the pressure in the 
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coarse porous layer is not uniform with one air pipe, then 
a plurality of air pipes may be provided per mold. These air 
pipes extend out of the mold for pressurizing or evacuating 
the open porous body. 
5 The coarse porous layer may be made of any materials 

insofar as they are strong enough not to be damaged when 
pressurized. For example, the coarse porous layer may be made 
of a material produced by mixing a liquid resin and a powder 
having an average particle diameter ranging from 0.1 to 5.0 
io mm at a ratio of 15 - 50 : 100 and then curing the mixture. 

The open porous body layer and the coarse porous 
layer may be separately produced and bonded to each other. 
Alternatively, one of the open porous body layer and the coarse 

15 porous layer may be produced first, and after an adhesive is 
coated on a mating surface thereof, the other layer may be 
poured onto the layer which has been produced first. If the 
other layer which is poured subsequently has a bonding 
capability with respect to the layer which has been produced 

20 first, then the adhesive is not required to be coated on the 
mating surface. When the open porous body layer and the coarse 
porous layer are joined to each other, they should allow air 
and water to pass between them, unlike the joint between the 
backing layer and the open porous body layer. If an adhesive 

25 layer which is not permeable to air and water is provided between 
the open porous body layer and the coarse porous layer, then 
the adhesive layer should partly cover the mating surface as 
in a grid-like pattern to leave surface portions for passing 
air and water therethrough. 

30 The air grooves and the coarse porous layer have 

been described above as the air and water passing means for 
passing air and water to the open porous body layer. The air 
grooves or the coarse porous layer is required to be provided 
with the mold. To eliminate such a mold structure, a cassette 

35 case may be detachably mounted on the reverse side of the open 
porous body layer. 
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The cassette case is used semipermanently, and when 
the open porous body layer can no longer be used due to clogging, 
it is discarded, and a new open porous body layer is set in 
the cassette case. Air and water passing means for passing 
air and water to the open porous body layer of a slip casting 
mold of this structure may comprise air grooves disposed in 
a boundary surface between the open porous body layer and the 
cassette case. The air grooves may be defined in either the 
open porous body layer as shown in FIG. 4, or in the cassette 
case as shown in FIG. 5. The term "air grooves" used herein 
represents a space for passing water and air therethrough. 
Therefore, the air grooves need not be defined as shown in 
FIGS. 4 and 5, but may comprise a gap between the cassette 
case and the open porous body layer. In FIGS. 4 and 5, the 
open porous body layer is thinner at a mating surface of the 
mold for the following reasons: When molds are combined and 
pressed to form a molding space therein, the mating surfaces 
are subjected to forces. The open porous body layer which is 
low in strength is thinner at the mating surface to avoid damage 
from those forces . 

In the slip casting mold of this structure, the 
cassette case and the open porous body layer are required to 
be accurately , detachably combined with each other for preventing 
water and air from leaking from the interface between the cassette 
case and the open porous body layer when the air grooves are 
pressurized. The cassette case and the open porous body layer 
may be detachably joined with each other by a mechanical means 
such as bolts or a chemical means such as an adhesive which 
allows the open porous body layer to be peeledof f for replacement . 

The cassette case may be made of any materials such as resin, 
metal, or the like. A reinforcing layer such as an iron frame 
may be mounted on the mold outwardly of the cassette case. 

Applications of the slip casting mold according 
to the present invention are not limited to any specific fields . 

However, the slip castingmoldaccording to the present invention 
is effectively applied to the production of ceramic whiteware 
such as sanitary earthenware, fine ceramic products, and powder 
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metallurgy products, for example. 

Each of specimens mixed at proportions shown in 
Tables 2 and 3 , given below, was placed in a stainless container, 
and intensively stirred for 10 minutes at normal temperature, 
5 producing a uniform O/W-type emulsion slurry. The emulsion 
slurry was poured into a mold which is impermeable to water, 
covered so that no water would be evaporated, and left to stand 
in a room at 45°C for 24 hours until it is hardened while containing 
water. Some mixing and hardening conditions were different 
io from those described above as described in Remark 1 in Tables 
2 and 3 . 

The hardened body was removed from the mold, and 
left to stand in a drier at 50°C for 24 hours for evaporating 
water, producing an open porous body. The water is evaporated 

15 for the purpose of measuring the properties of the open porous 
body. The evaporation of the water may not necessarily be 
required for the actual production of a slip casting mold. 
The properties of the open porous body are shown in the test 
results in Tables 2 and 3. The gypsum molds usually found in 

20 industrial use have a deposition rate of about 1.5. Though 
experimenting methods and results are omitted from illustration, 
all open porous bodies in Specimens 1-32 and Reference in 
Tables 2 and 3 were evaluated for water resistance, and were 
confirmed as being substantially water-resistant compared with 

25 the water-soluble gypsum molds. 

In each of Specimens 1 - 5, a powder of siliceous 
sand having an average particle diameter of about 2.5 pm was 
used as a filler, making a grain size distribution sharp. 
In Reference, a powder of siliceous sand having an average 

30 particle diameter of about 2 . 5 ^m was used also as a filler, 
but the powder of siliceous sand was simply ground to make 
a grain size distribution broad. 

In Specimens 1-5, the deposition rate constants 
range from about 1.7 to 1.9, and do not differ largely from 

35 each other. However, the amount of water passed by Specimens 
1-5 was at least three times the amount of water passed by 
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Reference, and was greater as the grain size distribution was 
sharper. The amount of water passed by Specimen 5, whose grain 
size distribution had two peaks provided by the fine and coarse 
particles, was greater. 
5 In Specimens 6 ~ 15, powders of siliceous sand having 

various particle diameters with a sharp grain size distribution 
were used as a filler. The smaller the average particle diameter, 
the greater the deposition rate constant, and the smaller the 
amount of passed water. The siliceous sands used in above 

io Specimens have their grain size controllable and examples of 
the filler which can be bonded by an adhesive. 

To inspect effects of the shape of the filler, glass 
beads which is almost fully spherical in shape were used in 
Specimens 16-18. The spherical filler has a sharp grain size 

is distribution, but not so large an ability to pass water, as 
compared with the above filler. The spherical filler, however, 
offers advantages in that since the viscosity of the emulsion 
slurry is low, the di 1 at ancy phenomenon is less liable to occur, 
and mold releasability strength is low. 

20 In Specimens 19-22, a filler of aluminum hydroxide 

was used. As can be seen from the test results thereof, the 
open porous bodies were released without application of forces . 

In Specimens 23 - 32, a filler of a hydraulic material was 
used. The open porous bodies in Specimens 23 ~ 32 had a self 

25 mold releasability as with those in Specimens 19 ~ 22 in which 
a filler of aluminum hydroxide was used. 
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Glass beads A (*ll) 


Glass beads B (*12) 


Aluminum hydroxide (*13) 


Hemihydrate gypsum (*14) 


Alumina cement (*15) 


Port 1 ant cement (*16) 


Aluminum sulfite (*17) 


Polyethylene oxide (*18) | 


Water 


Remark 1 | 


Test results | 


Bending strength (MPa) (*23) 


Flexural modulus (MPa) (*23) 


Deposition rate constant (0.01 mm 2 / sec) 
(*24) 


Amount of passed water (1000 mm 3 /3min. ) 
(*25) 


Mold releasability strength (0.01 MPa) 
(*26) 


Emulsion slurry viscosity (mPa-sec) 
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(*: Note) 

(1) Bisphenol A epoxy resin (manufactured by Petrochemical 
Shell Epoxy Co. Ltd.). 

(2) Bisphenol AD epoxy resin (manufactured by Mitsui 
Petrochemical Industries, Inc.). 

(3) Bisphenol F epoxy resin (manufactured by Petrochemical 
Shell Epoxy Co. Ltd.). 

(4) A mixture of m-cresyl glycidyl ether and p- ere syl glycidyl 
ether at a ratio of 1 : 1 (manufactured by Tokyo Chemical 
Industries, Inc.). 

(5) A product produced by mixing the constituents given 
below and allowing them to react in an N2 atmosphere from 
normal temperature to 23 0°C for 2 hours and at 23 0 ± 5°C 

for 2 hours: 

3 0 wt % of oleic acid (manufactured by Nippon 

Oils & Fats Co. Ltd.); 

30 wt % of dimer acid (manufactured by Nippon 

Oils Sc Fats Co. Ltd.); and 

40 wt % of tetraethylene pentamine (manufactured 

by Tokyo Chemical Industries, Inc.). 

(6) A polyamide hardener (manufactured by Sanyo Chemical 
Industries, Inc.). 

(7) A product produced by mixing the constituents given 
below and allowing them to react from normal temperature 
to 80°C for 20 minutes and from 80 to 250°C for 3 minutes: 

54 wt % of diethylene triamine (manufactured by 
Tokyo Chemical Industries, Inc.); and 

46 wt % of ethylene glycol glycidyl ether 
(manufactured by Tokyo Chemical Industries, Inc.). 

(8) A product produced by mixing the constituents given 
below and allowing them to react in an N2 atmosphere from 
normal temperature to 80°C for 30 minutes, from 80 to 250°C 
for 3 hours, and at 2 50 ± 5°C for 1 hour: 

1 . 5 wt % of NAA 3 5 (monomer fatty acid, manufactured 
by Nippon Oils & Fats Co. Ltd.); 

56.5 wt % of Varsadime V216 (polymer fatty acid, 
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manufactured by Henkel Japan Co., Ltd.); 

37 wt % of tetraethylene pentamine (manufactured 
by Tokyo Chemical Industries, Inc.); and 

5 wt % of pentaethylenehexamine (manufactured 
5 by Tokyo Chemical Industries, Inc.) . 

(9) Manufactured by Tokyo Chemical Industries, Inc. 

(10) A powder of siliceous sand having a quartz purity of 
98 % whose grain size distribution is shown in Table 4, 
given below. In Table 4, A represents a powder of siliceous 

io sand produced in Seto, Japan, which was ground by a wet-type 
cylinder mill , andB - K represent the same powder of siliceous 
sand which is classified by centrifugal separation, 
sedimentation, or the like, or a mixture containing the 
classified powder of siliceous sand. 

15 (11) Spherical glass beads (manufactured by Toshiba Barottini 
Co. , Ltd.) , not surf ace-treated. The grain size distribution 
is shown in Table 4. 

(12) Spherical glass beads (manufactured by Toshiba Barottini 
Co., Ltd.), surface-treated by a silane coupling agent. 

20 The grain size distribution is shown in Table 4. 

( 13 ) Manufactured by Nippon Light Metal Co . Ltd . The average 
particle diameter is 4.5 pm. 

(14) Manufactured by Nitto Gypsum Co., Ltd. p hemihydrate 
gypsum. 

25 (15) Manufactured by Asahi Glass Co. , Ltd. Main constituents : 
56 % of A1 2 0 3 , 36 % of CaO, 4 % of Si0 2 , and 1 % of Fe 2 0 3 . 
(16) Manuf acturedbyOnoda Cement Co. , Ltd. Mainconstituents : 
22 % of SiO , 6 % of Al O , 3 % of Fe 0 , 64 % of CaO, and 

2 ' 2 3 2 3 

2 % of S0 3 . 

30 (17) Manuf actured by Wako Junyaku Co. , Ltd. 18 ~ 18 hydrate. 

(18) Manufactured by Tokyo Chemical Industries, Inc. 

(19) Prepared by mixing an epoxy compound and water, adding 
a filler to the mixture, intensively stirring the mixing 
for 2 0 minutes, then adding a hardener and a hardening 

35 accelerator, and intensively stirring the mixture for 10 
minutes into a uniform emulsion slurry. 

(2 0) Prepared and hardened by mixing gypsum and an epoxy 
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compound, evacuating the mixture to remove pins for 3 0 minutes, 
then cooling the mixture to - 10°C, adding other materials 
cooled to 4°C to the mixture, and stirring the mixture for 
10 minutes into an emulsion slurry. The temperature of the 
5 stirred emulsion slurry was 15°C. The emulsion slurry was 
hardened at 4°C for 3 hours, 25°C for 24 hours, and 45°C 
for 72 hours. 

(21) Prepared and hardened by mixing gypsum and an epoxy 
compound , evacuating the mixture to remove pins for 3 0 minutes , 

!0 then cooling the mixture to - 18°C / adding water cooled to 
4°C and other materials cooled to - 18°C to the mixture, 
and stirring the mixture for 10 minutes into an emulsion 
slurry while cooling the container. The temperature of the 
stirred emulsion slurry was 5°C. The emulsion slurry was 

15 hardened at 4°C for 3 hours, 25°C for 24 hours, and 45°C 
for 72 hours. 

(22) Prepared and hardened by mixing alumina cement and 
water, evacuating the mixture to remove pins for 1 hour, 
adding other materials to the mixture, and stirring the 

20 mixture for 10 minutes into an emulsion slurry. The emulsion 
slurry was hardened at 2 0°C for 24 hours and 45°C for 24 
hours . 

(23) The bending strength and the flexural modulus were 
measured as follows; 

25 Test piece dimensions: 15 mm x 15 mm x 120 mm; 

Three -point bending; 
Span: 100 mm; 
Head speed: 2.5 mm/min. ; 

The test piece was fully saturated by evacuating 
30 the test piece for 3 0 minutes, immersing the test piece 
in water, and then further evacuating the test piece for 
3 0 minutes. 

(24) The deposition rate constant was measured as follows: 

I) A test piece having a size of 100 mm § x 30 
35 mm t was adjusted to a water saturation percentage of 50 %; 
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II) A glass tube of 60 <j) was vertically placed 
on the test piece, and a slurry of vitreous china for sanitary 
earthenware was poured into the glass tube to a depth of 
50 mm. Test results for those using slurries other than 

5 the slurry for sanitary earthenware are given in Remark 
2; 

III) After the assembly was left to stand until 
a layer was deposited to a thickness of 8 mm as observed 
from outside of the glass tube, the slurry which was not 

io deposited was discharged; 

IV) The remaining slurry attached to the surface 
of the deposited layer was cleaned away; 

V) The thickness L (mm) of the central portion 
of the deposited layer was measured; and 

15 VI) The deposition rate constant was calculated 

according to k = L 2 /t. 

(25) The amount of passed water was measured as follows: 

I) A test piece having a size of 100 mm <j> x 3 0 
mm t was fully saturated after its side was completely sealed; 

20 and 

II) A water pressure of 0.3 MPa was applied to 
one end of the test piece, and the amount of water discharged 
from the other end of the test piece was measured in 3 minutes 
after the water pressure started to be applied. 

25 (26) The mold releasability strength was measured as follows: 

I) A test piece having a size of 100 mm <J) x 30 
mm t was adjusted to a water saturation percentage of 50 %; 

II) A glass tube of 60 was vertically placed 
on the test piece, and a slurry of vitreous china for sanitary 

30 earthenware was poured into the glass tube to a depth of 
50 mm. Test results for those using slurries other than 
the slurry for sanitary earthenware are given in Remark 
2; 

III) After the assembly was left to stand until 
35 a layer was deposited to a thickness of 8 mm as observed 

from outside of the glass tube, the slurry which was not 
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deposited was discharged; 

IV) The glass tube standing on the test piece 
was inverted in erected condition to prevent the molded 
body from being dried, and left to stand for 30 minutes; 
5 V) After the test piece was fixed, the glass tube 

was pulled by using an autograph, measuring forces required 
to remove the molded body. The glass tube has notches defined 
therein to enable the molded body to be released from the 
test piece reliably without allowing the molded body to 

10 remain attached to the test piece; 

VI) A value calculated by dividing the measured 
forces by the area of the deposited layer was used as the 
mold releasability strength. Those mold releasability 
strength values which were very small, with the readings 

15 on the autograph remaining substantially the same as the 
total weight of the glass tube and the molded body, were 
assumed to be nil. Test results for those using slurries 
other than the slurry for sanitary earthenware are given 
in Remark 2 . 

20 (27) The viscosity of the stirred emulsion slurry was measured 
by a Brookfield viscometer. 

(28) An evaluation test was conducted using the following 
slurries: The apparent thickness of the deposited layer 
was 4 mm, and the period of time for which the molded body 

25 was left to stand after discharging the slurry was 15 minutes . 
Slurry for tableware porcelain: 
k = 0.85 ( x 10- 2 mm2/sec) , 

mold releasability strength: 1.2 ( x 10- 2 MPa) ; 
Highly pure alumina slurry: 
30 k = 0.42 ( x 10" 2 mm2/sec) , 

mold releasability strength: 0.1 ( x 10~ 2 MPa) ; 

and 

Iron slurry for powder metallurgy: 
k = 3.9 ( x 10" 2 mm2/sec) , 
35 mold releasability strength: 0.1 ( x 10~ 2 MPa) . 

(29) An evaluation test was conducted using the following 
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slurries: The apparent thickness of the deposited layer 
was 4 mm, and the period of time for which the molded body- 
was left to stand after discharging the slurry was 15 minutes . 
Slurry for tableware porcelain: 
k = 0.81 (x 10" 2 mm2/sec) , 

mold releasability strength: 0 ( x 10" 2 MPa) ; 
Highly pure alumina slurry: 

k = 0.53 ( x 10- 2 mm2/sec) , 

mold releasability strength: 0 ( x 10" 2 MPa) ; and 
Iron slurry for powder metallurgy: 
k = 4.4 ( x 10- 2 mm2/sec) , 

mold releasability strength: 0 (x 10" 2 MPa) . 
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Pieces of sanitary earthenware were slip cast 
under casting conditions shown in Table 5, using a slip 
casting mold having the structure shown in FIG. 6 whose 
water absorption layer comprised the open porous body produced 
in Specimen 5 . Results of evaluation of the produced pieces 
of sanitary earthenware are shown in Table 5 . In any of 
Examples shown in Table 5, the slurry was not directly 
pressurized. 

In FIGS. 1, 2, 4, 5 and 6, the reference numeral 
8 represents a cassette case, 9 an open porous body layer, 
10 a hollow path (air groove) , 11 pipes interconnecting 
the air groove and sources outside of the mold, 12 backing 
layers, 13 mating surfaces, 14 resin layers as a sealant, 
15 a slip casting space, 16 a slurry delivery pipe, 17 a 
slurry draining pipe, 18 a three-way cock, 19 a compressed 
air inlet pipe, 20 a check valve, 21 a molding surface, 
and 22 a coarse porous layer. 
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A successive slip casting process was carried 
out under the casting conditions of Example 9 in Table 5. 
As a result, 5000 molded products were produced by the slip 
casting mold in Example 9. After the slip casing mold was 
used 5000 times, no reduction was seen in the deposition 
rate and the mold releasability . 

Although there have been described what are 
at present considered to be the preferred embodiments of 
the invention, it will be understood that the invention 
may be embodied in other specific forms without departing 
from the essential characteristics thereof. The present 
embodiments are therefore to be considered in all respects 
as illustrative, and not restrictive. The scope of the 
invention is indicated by the appended claims rather than 
by the foregoing description. 



Claims : 



1. A method of manufacturing an open porous body 
for use in a slip casting mold for slip casting a powder 
material, comprising the steps of: 

stirring a mixture of an epoxy compound having at least 
one epoxy ring in one molecule, a hardener for reacting 
with the epoxy compound to harden the epoxy compound, a 
filler for developing self water absorption capability and 
mold releasability, and water into an O/W-type emulsion 
slurry; 

casting the emulsion slurry into a mold impermeable 

to water; and 

hardening the emulsion slurry in the mold while 
containing the water. 

2 . A method according to claim 1, wherein said epoxy 
compound comprises a glycidyl epoxy resin. 

3. A method according to claim 2, wherein said 
glycidyl epoxy resin comprises a bisphenol epoxy resin. 

4. A method according to claim 1, wherein said 
hardener comprises a polyamide resin. 

5. A method according to claim 1, wherein said 
hardener has an average particle diameter ranging from 0.3 
[im to 8 /xm. 

6. A method according to claim 5, wherein said 
hardener is primarily composed of a hydraulic material. 

7. A method according to claim 1, wherein said 
hardener has an average particle diameter ranging from 1 
/xm to 20 fim, said mixture further comprising a product 
produced by a reaction between chain- like fatty primary 
polyamine and glycidyl ether having two or more glycidyl 



groups in one molecule. 



8. A method according to claim 1, wherein said 
hardener has an average particle diameter ranging from 1 
/xm to 2 0 jxm, said hardener is primarily composed of 1 - 

5 wt % of a product produced by a reaction between monomer 
fatty acid and chain- like fatty primary polyamine and 99 
~ 95 wt % of a product produced by a reaction between polymer 
fatty acid and chain-like fatty primary polyamine. 

9. A method according to claim 1, wherein said 
hardener is primarily composed of one of aluminum hydroxide 
and hydraulic material. 

10. A method according to claim 9, wherein said 
hardener is primarily composed of hydraulic material, and 
said hydraulic material comprises at least one material 
selected from the group consisting of alumina cement , Portland 
cement, mixed cement primarily composed of Portland cement, 
and hemihydrate gypsum. 

11. A method according to claim 1, wherein said 
filler has a grain size distribution selected such that 
an integrated sieve volume of particle diameters which are 
1/4 of the Rosin- -Rammler' s absolute size constant is < 
30 %. 

12. A method according to claim 1, wherein said 
mixture further comprises a dilatancy reducing agent. 

13. A method according to claim 1, wherein said 
emulsion slurry is prepared by initially mixing the epoxy 
compound and water and stirring the mixture, adding the 
filler to the mixture and stirring the mixture, and adding 
the hardener to the mixture and stirring the mixture. 

14. A slip casting mold for slip casting a powdery 
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material, having a water absorption layer comprising the 
open porous body manufactured by the method according to 
claim 1. 

15. A slip casting mold according to claim 14 , mainly 
composed of the water absorption layer which is solid. 

16. A slip casting mold according to claim 14, 
further comprising a backing layer of plastic or hydraulic 
material mounted on a reverse side of the water absorption 
layer which provides a molding surface. 

17. A slip casting mold according to claim 14 , 
further comprising air grooves defined inside or in the 
reverse side of the water absorption layer for passing air 
and water to the water absorption layer. 

18. A slip casting mold according to claim 14, 
further comprising a coarse porous layer disposed on the 
reverse side of the water absorption layer and having a 
pipe extending out of the slip casting mold for passing 
water and air therethrough to the water absorption layer. 

19. A slip casting mold according to claim 18, 
wherein coarse porous layer has an average pore diameter 
of at least 100 /-im. 

20. A slip casting mold according to claim 14, 
further comprising a cassette case detachably mounted on 
a reverse side of the water absorption layer which provides 
a molding surface. 

21. A slip casting mold according to claim 20, 
further comprising air grooves defined in a boundary surface 
between the water absorption layer and the cassette case 
for passing air and water to the water absorption layer. 
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22. A slip casting mold according to claim 20, 
wherein said cassette case has air grooves defined in a 
boundary surface between the water absorption layer and 
the cassette case for passing air and water to the water 
absorption layer. 

23. A slip casting mold according to claim 20, 
wherein said cassette case includes a coarse porous layer 
at least in a boundary surface between the water absorption 
layer and the cassette case, said cassette case having a 
pipe connected to said coarse porous layer and extending 
out of the slip casting mold for passing air and water to 
the water absorption layer. 

24. A slip casting mold according to claim 14, for 
slip casting the powdery material under a slip casting pressure 
which comprises a pressure selected from at least one of 
a) a slurry head pressure, b) a suction vacuum applied to 
the water absorption layer, and c) a pressure of at most 
0.3 MPa applied directly to the slurry. 

25. A slip casting mold according to claim 14 for 
slip casting one of ceramic whiteware sanitary earthenware, 
fine ceramics, and a powder metallurgy product. 
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ABSTRACT OF THE DISCLOSURE 



1 
2 
3 
4 
5 



A slip casting mold includes a water absorption layer 
having self water absorption capability and substantial 
water resistance. With the water saturation percentage of 
the water absorption layer being controlled, a slurry layer 
is deposited in the slip casting mold mainly under capillary 

6 attractive forces of the slip casting mold. The water 

7 absorption layer comprises an open porous body which is 

8 manufactured by stirring a mixture of an epoxy compound 

9 having at least one epoxy ring in one molecule, a hardener 
10 for reacting with the epoxy compound to harden the epoxy 
u compound, a filler for developing self water absorption 

12 capability and mold releasability, and water into an O/W-type 

13 emulsion slurry, and casting the emulsion slurry into a 

14 mold impermeable to water, hardening the emulsion slurry 

15 in the mold while containing water. 

16 
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Section 11» (a)-<d) or 366(b) of any foreign application(s} for patent 
or Inventor's certificate, or 366(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

26/08/95 «*W*L 

{Day/MontrVYear Filed) r ' 

26/09/95 



(Day/Month/Year Filed) 

I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) or any United States provisional application^) listed 
below. 



(Application No,) 



(Filing Date) 
(HMO) 



I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application^), or 365(c) of any 
PCT International application designating the United States, listed 
below and, Insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112, I 
acknowledge the duty to disclose information which Is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.55 which became available between the filing date of the 
prior application and the national or PCT International filing date of 
application. 

Pending 

(Status: Patented. Pending, Abandoned) 

(Status: Patented, Pending, Abandoned) 

<s« : m&*tm. toon 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
Imprisonment, or both, under Section 1001 of Title 1« of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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PTG/SB/106(8-96) 
Approved for use through 9/30/98. OMB 0651-0032 
Patent and Trademark Office; VS. DEPARTMENT OF COMMERCE 
UrKter trie Paperwork Radudfen Ad of 19^ vaM OMB control number. 



Japanese Language Declaration 
(0*M«») 

*ff:tt : miT&toXWXk LT\ *rH»CW-f £-9J<D POWER OF ATTORNEY: As a named inventor, I hereby appoint 
^S***»i1 : i«**fc#Lr*fTi*S#a±ifcf±ftaiA the following attorney^) and/or agent(s) to prosecute this 
tVX, T^*-*rJB4v^feLi+. <#»±\ *fciiftJl application and transact ail business in the Patent and Trademark 

Office connected therewith (list nam* t>d registration number) 

Irving M. Weiner, Reg. No. 22,168; Joseph P. Carrier, Reg. No. 31 J48;:>ameia S. Burt, Reg. No. 27,861; and William F. Esser. Reg. No. 38,053 



Sand Correspondence to: 

WEINER, CARRIER & BURT, P.C. 
24101 Novi Road, Suite 100 
Novi, Michigan 48375-3248 



Direct Telephone Ca«s to: (name snd ttbphone number) 

Joseph P. Carrier, 
(810) 344-4422 





Full name of sole or first inventor 
Akio Matsumoto 






im 


Fukuoka, Japan 


mm 


Citizenship 

Japanese 




Post Offtee Address c /o Toto Ltd., 1-1 , 

Nakashima 2-chome, Kokura-kita-ku . 


Kita-kyushu-shi, Fukuoka, Japan 




FuH name of second joint inventor, if arty 
Takeshi Sato 




Sacond inventor's signature 0ate on/o/ftO 

Ta.k^hi Sain 20/2/98 




Residence 

Fukuoka, Japan 


®* Citizenship 

Japanese 




Post Office Address C / Q ^to Ltd., 1-1, 

Nakashima 2-chome, Kokura-kita-kii. 


Kita-kyushu-shi, Fukuoka, Japan 




(Supply similar information and signature for third and subsequent 
joint inventors.) 
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Full name of third joint inventor, if any 
Yoshifumi Misumi 




Signature Date 

YosUrfumi MlSU^l 20/2/98 


ft Br 


Residence 
Fukuoka, Japan 


an 


Citizenship 
Japanese 


S^ftefr 


Post Office Address c/o Toto Ltd., 1-1, 
Nakashima 2-chome, Kokura-kita-ku, 




Kita-kyushu-shi, Fukuoka, Japan 




Full naae of fourth joint inventor, if any 
Akira Hirayama 


3PJ3#©§£ aft 


Signature Date 

AK/rf H/t4Y4W 20/2/98 


ft§r 


Residence 
Fukuoka, Japan 


mm 


Ci tizenship 
Japanese 




Post Office Address c/o Toto Ltd., 1-1, 
Nakashima 2-chome, Kokura-kita-ku, 




Kita-kyushu-shi, Fukuoka, Japan 




Full name of fifth joint inventor, if any 
Katsuhiro Hasebe 


»M©»£ Bit 


Signature Date 




Residence 
Fukuoka, Japan 


as 


Citizenship 
Japanese 




Post Office Address 0 ' 0 

Nakashima 2-chome, Kokura-kita-ku, 




Kita-kyushu-shi, Fukuoka, Japan 
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Full name of aix-fti joint inventor, if any 
Yoshinori Yamashita 


mwrnomz aft 


Signature Date 

Ydm&sititk 20/2/98 




Residence 
Fukuoka, Japan 




Citizenship 
Japanese 




Post Office Address c '° Toto Ltd -/ 1 ~ 1 
Nakashima 2-chome, Kokura-kita-ku , 




Kitra-kyushu-shi , Fukuoka, Japan 




Full name of 5<LV&*ih joint inventor, if any 




Signature Date 




Residence 




Ci ttzenship 




Post Office Address 








Full name of -e^^^tk joint inventor, if any 


ny, rtrt -*»» tcct A* « ■ 1 1 


Signature Date 




Residence 


llff 


CI tizenship 


a*rr frt* /i- 


Post Office Address 
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